Desulfomicrobium escambiense, Desulfomicrobium baculatum, Desulfomicrobium apsheronum, and Desulfovibrio desulfuricans Norway 4 are closely related as determined by a 16s rRNA comparison (levels of relatedness, 0.976 to 0.997) and are distinct on the basis of levels of DNA-DNA similarity (11.1 to 27.4%), genomic restriction fragment length polymorphism patterns, and certain phenotypic characteristics. We proposed that Desulfovibrio desulfuricans Norway 4 be renamed Desulfomicrobium norvegicum comb. nov.
The genus Desulfomicrobium contains dissimilatory sulfatereducing species that are physiologically similar to Desulfovibrio species and are straight rods which lack desulfoviridin (25) , a pigment considered diagnostic for the genus Desulfovibrio (21) . Recently, we described the isolation and classification of the new species Desulfomicrobium escambiense (type strain, ATCC 51164) (27) . In the current study we compared the genotypic and phenotypic characteristics of Desulfomicrobium escambiense, Desulfomicrobium baculatum DSM 4028, Desulfomicrobium apsheronum DSM 5918, and Desulfovibrio desulfuricans Norway 4 (= NCIMB 8310). Our results showed that these four organisms are members of separate Desulfomicrobium species.
Growth was measured by determining increases in optical density at 600 nm (OD,,,) in anaerobic medium supplemented with 0.02% yeast extract (26, 28, 29) . Volatile and nonvolatile fatty acids were quantified after derivitization (9, 10) by comparison to derivatized autheutic standards and by using heptanoate as an internal derivitization control. Sulfate concentrations were determined by ion chromatography (27) .
The 16s ribosomal DNA sequence of Desulfomicrobium apsheronum (GenBank accession no. U64865) was determined as described by Weisberg et al. (27, 32) . Levels of similarity among Desulfomicrobium 16s rRNAs (26) were calculated as described previously (1 1). DNA-DNA hybridization was performed on Immobilon-N transfer membranes (23) as previously described (l) , with the size variations of purified genomic DNA minimized by passage through a 29-gau e needle and sonication. Genomic DNA was labeled with [ PIdCTP by using a random primed DNA labeling kit (Boehringer Mannheim). Levels of heterologous DNA-DNA binding were calculated by determining percentages of similarity (8). XbaI-digested genomic DNA was analyzed by pulse-field gel electrophoresis (2, 14) .
Utilization electron donors for sulfate reduction and the failure to utilize acetate, propionate, or butyrate as electron donors for sulfate reduction have been described previously for Desulfomicrobium species (4, 16, 19, 20, 24, 25, 27) . However, previous authors have disagreed on the utilization of ethanol, malate, fumarate, or choline as electron donors. Our growth and chromatographic data indicated that the four strains used in our study utilized ethanol, but not choline (data not shown), for sulfate reduction, in contrast to previous reports that Desulfomicrobium baculatum and strain Norway 4 did not use ethanol as an electron donor (4, 24) and that strain Norway 4 used choline (16)) like other Desulfovibrio desul'ricans (22) strains. Growth and the end products formed with pyruvate, fumarate, and malate during sulfate reduction or fermentation were compared (Table 1) . Acetate was a major product of all strains in both media used. All strains formed succinate in fumaratesulfate medium, although Desulfomicrobium baculatum and strain Norway 4 formed much more succinate (25 mM) than Desulfomicrobium apsheronum or Desulfomicrobium escambiense formed (1 .O to 8 mM). Only Desulfomicrobium baculatum and strain Norway 4 formed succinate (7.4 to 9.3 mM) in malate-sulfate medium. Lactate was formed by Desulfomicrobium escambiense and strain Norway 4 in fumarate-sulfate and malate-sulfate media, but only by Desulfomicrobium escambiense in pyruvate-sulfate medium. Interestingly, Desulfomicrobium apsheronum and Desulfomicrobium escambiense grew better (OD60,, 0.3 to 0.4) with fumarate or malate in sulfate medium than Desulfomicrobium baculatum or strain Norway 4 grew (OD,,,, 0.2). In these tests, Desulfomicrobium apsheronum and Desulfomicrobium escambiense reduced the sulfate, while Desulfomicrobium baculatum and strain Norway 4 preferentially reduced fumarate to succinate despite the less favorable thermodynamics (30) of the latter reaction. We found that Desulfomicrobium escambiense used fumarate and malate as electron donors in media containing yeast extract, in contrast to the negative results obtained with defined anaerobic medium (27) .
Previous reports indicated that strain Norway 4 grew poorly (20) and Desulfomicrobium baculatum failed to grow (19, 24) by pyruvate fermentation, while Desulfomicrobium baculatum failed to ferment fumarate (24) or malate (25) and strain Norway 4 fermented both of these compounds (15, 17). In the 16s rRNA sequence comparisons (Table 2 ) revealed a close relationship among the four strains examined. Desulfomicrobium baculatum, Desulfomicrobium apsheronurn, and strain Norway 4 were more closely related to each other (levels of sequence similarity, 99.3 to 99.7%) than to Desulfomicrobium escambiense (97.6 to 98.1%). Since 16s rRNA analysis alone is not sufficient to distinguish closely related species (6), DNA-DNA hybridization experiments were performed with the four organisms. The levels of DNA-DNA similarity (Table 2) among the four strains used ranged from 11.1 to 27.4%, which is consistent with each taxon representing a unique species. The similarity value of 24.7% reported previously (18, 25) for Desulfomicrobiurn baculatum and Desulfomicrobium upsheronurn is close to our value (19.8%). Wayne et al. (31) stated that a species should include strains that exhibit 270% DNA-DNA relatedness. Strain Norway 4 exhibited only 2.1% similarity with Desulfovibrio desulfuricans ATCC 27774. " The values on the upper right are levels of 16s rRNA similarity, and the values on the lower left are levels of DNA-DNA similarity.
' Negative control.
There was no sample deviation, and the analysis was not repeated. Genotypic divergence was also indicated by the results of a macrorestriction analysis (2, 3, 7) which revealed unique fragmentation patterns for the strains examined (Fig. 1) . We calculated that the G + C content of strain Norway 4, which has not been published previously, is 54.2 mol% on the basis of a DNA thermal melting point of 92.0"C (13). The G + C contents of Desulfomicrobium baculatum (24) , Desulfomicrobium escambiense (27) , and Desulfomicrobium apsheronum (25) are 56.8, 59.9, and 52 mol%, respectively.
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Desulfovibrio desulfuricans Norway 4 was first isolated from Oslo Harbor in 1949 (16). It was classified as a strain of Desulfovibrio desuljkricans on the basis of physiological similarity, despite the fact that it was a straight rod that lacked desulfoviridin. More recently, bacterial strains having these characteristics were placed in a separate genus, the genus Desulfomicrobium (25) . On this basis, Fauque et al. (5) considered strain Norway 4 a strain of Desulfomicrobium baculatum (12, 16). Placement of a strain in a species should be based on both phylogenetic and phenotypic characteristics (31) . We therefore reexamined the members of the genus Desulfomicrobium and Desulfovibrio desul'ricans Norway 4. Based on DNA-DNA hybridization values and the organic products formed from growth on malate, fumarate, and pyruvate, strain Norway 4 appears to be sufficiently different from Desulfomicrobium baculatum to be considered a member of a separate species. We propose that Desulfovibrio desulfuricans Norway 4 be renamed Desulfomicrobium nowegicum comb. nov. In addition, our phenotypic and phylogenetic information confirmed that Desulfomicrobium escambiense (es.cam.bi.en'se. M. L. adj. escambiense, pertaining to the Escambia River) is a distinct species.
Description of Desulfomicrobium norvegicum comb. nov. 
